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Abstract

Ecological sanitation converts human waste into safe compost, known as
humanure, offering a sustainable solution for managing faecal matter. This
approach not only recycles nutrients but also reduces environmental pollution.
Enriched humanure was prepared by mixing humanure, biochar and human urine
in ratios of 1:1:1 and 1:1:1.5 and the mixture was enriched for 30 days. The pH,
electrical conductivity (EC), nitrogen, phosphorous and potassium content of the
bioinputs (humanure, biochar, human urine) alone and the enriched humanure
(1:1:1 and 1:1:1.5) were characterized. To test the efficacy of the enriched
humanure, field trials were conducted during the winter and summer seasons in
Vridhachalam on marigolds (Hybrid-Bens tall) using a randomized block design
with 11 treatments in three replications. Treatments included bioinputs alone,
unenriched and enriched humanure, 50% enriched humanure + 50%
recommended dose of fertilizer (RDF), RDF + farm yard manure (FYM) and FYM
alone. Fertilizers and manures were applied based on the crop s' nitrogen
requirement of 90: 90:75 kg/ha. The results showed significantly higher plant
growth, flower yield (27.0 to 27.5 t/ha) and flower quality were recorded in the
application of enriched humanure in the ratio of 1:1:1 followed by 1:1:1.5 compared
to all other bio-inputs treatments and the control. Enriched humanure (1:1:1)
proved the most effective treatment for improving marigold growth and yield.
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Introduction

Harnessing the potential of human excrement for crop production and soil
rejuvenation is crucial in establishing a closed-loop nutrient cycle, garnering
significant interest from the sanitation and agricultural sectors. Globally, on-site
sanitation systems have surpassed traditional sewers as the predominant form of
sanitation, which has vast opportunities for nutrient reclamation (1). However,
challenges abound in the treatment and utilization phases within the sanitation
service chain, as mismanagement can lead to system failures, jeopardizing public
health by exposing individuals to enteric pathogens. On-site systems like pit
latrines, septic tanks and container-based sanitation systems often face issues such
as faecal sludge overflow during floods, inadequate emptying services, or improper
disposal due to a lack of suitable facilities (Al-Hafiz, 2017)(2-6). Conventional sewers,
though often perceived as superior, require meticulous design and management.
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Many sewers worldwide lack connections to treatment plants,
merely transferring contamination elsewhere (7). The sludge
collected from these systems is typically disposed of by land or
water application, incineration, agricultural use, or
incorporation into construction materials (8,9). However, most
disposal methods, including incineration, fail to fully capitalize
on the valuable components of sludge, such as its moisture
content, organic matter and nutrients. Ecological sanitation,
also known as resource-oriented or sustainable sanitation,
recognizes the utilization of nearly 1.0 billion tons of fecas
generated annually (1), aiming to maximize the beneficial
potential of human waste while minimizing environmental and
health risks.

The preparation of enriched compost using human
excreta comprising humanure and human urine has been
practised for many years (10). The biochar, a pyrolyzed material
prepared without oxygen, acts as an adsorbent of human urine
and retains nutrients due to its large surface area and functional
groups. Biochar is also used to prepare bio-compost alone or
mixed with human urine (11). Using human urine in different
ratios with humanure and biochar and incubating for about a
month (enriched humanure) is one of the options for increasing
the physical, chemical and biological properties besides
reducing heavy metals, pathogens and pharmaceutical
compounds, which needs scientific validation. In India, marigold
(Tagetes spp.) has high market demand with an annual
production of 1754 thousand metric tons (12, 13). Marigold
flowers, particularly Tagetes erecta L., are primarily used for non-
edible purposes, so the risk of human exposure to heavy metals
and other contaminants through consumption is minimal (14).
Therefore, marigold cultivation presents a viable solution for
managing human excreta, offering a productive and sustainable
means of utilizing this material. Furthermore, there is limited
research examining the impact of human excreta on the growth
and yield of marigold. Thus, the current study seeks to assess the
efficacy of enriched human manure (enriched humanure) on
marigold plant growth and yield characteristics.

Materials and Methods
Manure preparation

Humanure and urine were collected from Ecosan toilets in
various primary schools in Cuddalore District. The biochar used
in the study was sourced locally from Cuddalore and was made
from the wood of Prosopis trees. These trees are abundant and
often considered waste. Prosopis plants are known to lower the
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groundwater table, so the Tamil Nadu government has been
actively removing them from land to help preserve water
resources. The removed wood is then converted into biochar
and repurposed for agricultural applications. The unenriched
humanure was prepared by mixing humanure, biochar and
human urine (1:1:1 and 1:1:1.5 ratios) just before application to
the field. The enriched humanure was prepared by mixing
humanure, biochar and human urine at 1:1:1 and 1:1:1.5 ratios,
respectively. The mixture was kept for 30 days for incubation
and used for crop cultivation. The nutrient content of the bio-
inputs (manures) is in Table 1. Manure pH and Electrical
conductivity (EC) were determined in a 1:5 (manure: water)
solution (w/v) (15). Total nitrogen was through the alkaline
permanganate method. Total phosphorus was estimated
through the ammonium molybdate colourimetric method and
ammonium acetate extract method with a flame photometer to
assess the Total Potassium (16-18). Escherichia coli presence in
manure samples was also tested using the most popular
number (MPN) test and salmonella typhi was estimated using
the culture method (19, 20).

pH

The pH of humanure was found to be 8.01, indicating a slightly
alkaline nature. Biochar was more neutral, with a pH of 7.43,
while human urine had a pH of 7.89. After combining and
enriching the materials, the pH of the unenriched mixture
remained at 8.01. The enriched humanure mixtures showed
slightly higher pH levels, with the 1:1:1 ratio showing a pH of 8.23
and the 1:1:1.5 ratio showing 8.26, indicating a consistent mildly
alkaline environment.

Electrical conductivity (EC)

Humanure exhibited an electrical conductivity (EC) of 1.74 dS/m,
which indicates its ability to conduct electrical current,
suggesting the presence of salts. Biochar had a lower electrical
conductivity of 0.86 dS/m, while human urine showed the
highest electrical conductivity at 5.52 dS/m, reflecting its higher
salt content. After mixing, the electrical conductivity values for
the enriched humanure (1:1:1and 1:1:1.5) were slightly increased
to 1.93 dS/m and 2.08 dS/m, respectively, compared to the
unenriched mixture at 1.82 dS/m and 1.99 dS/m.

Nutrient content (Nitrogen, phosphorus and Potassium)
Total nitrogen (N)

Humanure had a high nitrogen content at 3.50%, while biochar
and human urine contributed 0.74% and 1.28%, respectively.
After enrichment, the nitrogen content of the mixture increased
slightly, reaching 3.97% and 4.05% for the 1:1:1 and 1:1:1.5

Table 1. Characteristics of bio-inputs materials and enriched humanure (mean + SD) used in the present study

Parameters Humanure Biochar

Enriched humanure

Human Urine

1:1:1 1:1:1.5
pH 8.01+0.14 7.43+0.19 7.89+0.21 8.23+0.01 8.26+0.11
EC (dS/m) 1.74+0.05 0.86+0.04 5.52+0.12 1.93+0.01 2.08 £0.03
Macro nutrients
Total nitrogen (%) 3.50+0.20 0.74+£0.06 1.28+0.02 3.97+£0.08 4.05+0.06
Total phosphorus (%) 1.72+0.15 0.20+0.05 1.56+0.11 2.12+0.02 2.15+0.03
Total Potassium (%) 3.45+0.19 8.40+1.03 0.19+0.01 4.15+0.01 4.20+£0.05
Pathogens
Total Coliforms Nil Nil Nil Nil Nil
Salmonella typhi Nil Nil Nil Nil Nil

https://plantsciencetoday.online


https://plantsciencetoday.online

ratios, respectively.
Total phosphorus (P)

Humanure contained 1.72% phosphorus, biochar had a much
lower value at 0.20% and human urine provided 1.56%. After
enrichment, the phosphorus content increased to 2.12% and
2.15% for the enriched mixtures, compared to 1.85% and 1.89%
for the 1:1:1 and 1:1:1.5 ratios, respectively, in the unenriched
form.

Total Potassium (K)

Humanure had a potassium content of 3.45%, biochar had a
significantly higher value at 8.40%, while human urine contributed
only 0.19%. Enriched humanure showed further improvement,
with the potassium levels reaching 4.15% and 4.20% in the
enriched mixtures compared to the unenriched form.

Pathogens

Pathogen testing for total coliforms and Salmonella typhi
showed no harmful bacteria in humanure, biochar, human
urine, or enriched or unenriched humanure mixtures. This
indicates that the composting and enrichment processes
successfully eliminated potential pathogens, making the
manures safe for agricultural use.

Field study
Study location

A field trial was conducted at the Regional Research Station of
Tamil Nadu Agricultural  University in  Vridhachalam
(coordinates: 11°31'46"N, 79°21'31"E). The first trial occurred
from January to May 2023. Throughout this period, the
maximum monthly temperatures ranged from 30.0 °C to 35.8 °C,
while the minimum temperatures varied between 20.0°C and
24.6 °C. The total rainfall recorded during this time was 15 mm.
For validation, a second trial was initiated in May and continued
until September in the same field. During this phase, the
maximum temperature increased, ranging from 23 °C to 32 °C.
Rainfall during this period was higher, averaging between 81
mm and 135 mm. The soil of the experimental field is red
lateritic, which comes under the Lalpettai series. Before planting,
soil samples (15 cm depth) were collected to test the physical
and chemical characteristics. The characteristics of the
experimental field soil are given in Table 2. Soil pH and Electrical
conductivity (EC) were determined in a 1:2.5 (soil: water) solution

Table 2. Initial characteristics of experimental field soil

S.No Parameters Value
1 pH (1:2.5) 6.84 (Neutral)
2 EC (dS/m) 0.45 (Non-saline)
3 Organic carbon (%) 0.27 (Low)
4 Available nitrogen (kg/ha) 245 (Low)
5 Available phosphorus (kg/ha) 12.32 (medium)
6 Available potassium (kg/ha) 156 (medium)
7 Exchangeable calcium (cmol (p*)/kg) 1.58
8 Excharzégriaot;l(epg\/i%r;esmm 0.82
9 Exchangeable sodium (cmol (p*)/kg) 0.51
10 Excha(rl‘c?rnes{o(lreyg’/cl)(tga)55|um 0.45
11 Iron (mg/kg) 28.01(sufficient)
12 Copper (mg/kg) 1.90 (sufficient)
13 Zinc (mg/kg) 5.32 (sufficient)
14 Manganese (mg/kg) 24.51(sufficient)

3

(w/v). At the same time, the organic carbon (OC) was estimated
through the chromic acid wet digestion method, available
nitrogen (N) through the alkaline permanganate method and
available phosphorus (P) was assessed through the Bray
method (15,16,21,22). The ammonium acetate extract method
with a flame photometer was used to calculate the available
Potassium (K) (18). The soil micronutrients, namely iron (Fe),
copper (Cu), manganese (Mn) and zinc (Zn), were determined
through the DTPA extractant method (23). All analyses were
conducted in the Department of Environmental Science
laboratory, Tamil Nadu Agricultural University, Coimbatore.

The pH of the soil sample was 6.8 and electrical
conductivity (EC) was 0.45 dS/m. The available NPK contents
were 245, 12.32 and 156 kg/ha, respectively and the organic
carbon was 0.27 percentages. The soil was low in nitrogen
content and medium in phosphorus and potassium contents.
The micronutrients such as Fe, Cu, Zn and Mn were 28.01, 1.90,
5.32 and 24.51 mg/kg, respectively.

Field experimental details

Marigold (Bens tall-hybrid) seedlings were purchased from a
nearby nursery at Vridhachalam and transplanted. The
experimental field consists of 11 treatments and is replicated
thrice with the field layout made using a randomized block
design. The treatment details are given in Table 3. For the
experiment, the marigold crop (Hybrid-Bens Tall) was spaced at
90 cm x 22.5 cm and the recommended fertilizer dose was
90:90:75 NPK kg/ha.

Manure application

Other bio-inputs and enriched humanure were applied based on
the nitrogen content of each type of manure, as shown in Table
3. The manure was manually applied before transplanting and
manually incorporated with soil. Standard cultivation practices
for marigolds were followed under the 2020 guidelines from
Tamil Nadu Agricultural University (TNAU) (24). After 30, 60 and
110 days after transplanting (DAT), plant growth parameters like
plant height (cm), number of branches per plant and stem
diameter (cm) were analyzed. Besides the flower quality
parameters like the flower diameter (cm), flower stalk length
(cm), individual flower weight (g), number of flowers per plant,
flower yield (t/ha), shelf life (days) and xanthophyll content
(mgl00 g) were analyzed (25).

Statistical analysis

When the treatment effects were substantial, the randomized
block design was used. SPSS statistical software was used for all
statistical analyses (SPSS Inc, Chicago, IL). This analysis was
conducted using the R tool (Version 3.5.1). Differences at the P <
0.05 level were regarded as statistically significant.

Results and Discussion

Effect of enriched humanure on plant growth parameters in
marigold crop

Plant height

Plant height noted 30, 60 and 110 DAT shown in Fig. 1. Findings
from this study indicated a significant increase in plant height
during 110 DAT, with the maximum plant height of 59.25 cm
observed in enriched humanure (Te-1:1:1) followed closely by
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Table 3. Description of treatments

Recommended dose of fertilizer

Treatment Type of manure and fertilizers (kg/ha) (N: P,0s: K,0)

T, Humanure alone 2571 kg/ha

T, Biochar alone 12,162 kg/ha

T3 Human urine alone 75001 /ha

Ta Unenriched humanure (humanure + biochar + human urine -1.0:1.0:1.0 ratio) 2535 kg/ha

Ts Unenriched humanure (humanure + biochar + human urine - 1.0:1.0:1.5 ratio) 2785 kg/ha

Te Enriched humanure (humanure + biochar + human urine -1.0:1.0:1.0 ratio) 2267 kg/ha

T7 Enriched humanure (humanure + biochar + human urine - 1.0:1.0:1.5 ratio) 2222 kg/ha

Te 50% through enriched humanure (Dggzqmg:glﬂ%cgsﬁ human urine - 1.0:1.0:1.0 ratio) 1134 kg/ha + 45:45:37.5 (N:P:K) kg/ha

T 50% through enriched humanure (Egglzr]cﬁ;gljglﬂ%cgsﬁ human urine - 1.0:1.0:1.5 ratio) 1111 kg hal + 45:45:37.5 (N:P:K) kg/ha

T 100% RDF+ FYM 90:90:75 (N:P:K) kg/ha

Tu FYM alone 18000 kg/ha

70 1:1:1), followed closely by enriched humanure (T--1:1:1.5), which

60 g - showed comparable results. The lowest number of branches per
g 0 S = II II - plgnt(l3.15) and sfcem‘ diameter (3.61 cm) were glso recorded
E 0 - . A El . - with the sole application of FYM (Tu-control) during 110 DAT.
2 = This may be due to readily available nutrients in the enriched
= 30 humanure for plant uptake. These findings are consistent with a
S study that showed faecal amendments increased plant height
- 10 and biomass by 24% and 82%, respectively (26).

0 Yield parameters and flower quality of marigold
T1 T2 T3 T4 T5 Te T7 T8 T9 Ti0 Til

O30 DAT @m60DAT m110DAT

Fig. 1. Effect of enriched humanure on plant height of Marigold. The error
bars indicate the standard deviation values (Two seasons mean data).
enriched humanure (T7-1:1:1.5), which showed comparable
results. The lowest plant height of 41.76 cm was observed with
the sole application of FYM (Tu-control). This may be due to
readily available nutrients in the enriched humanure for plant
uptake. The increase in plant height with the application of
enriched humanure in this study underscores its positive impact
on marigold cultivation. These results confirm that sewage
sludge application significantly improved shoot and root length
in marigolds (25). Similarly, faecal amendments increased plant
height and biomass by a median value of 24% and 82%,
respectively (26).

Number of branches and stem diameter

Similarly, a significant increase was noted in number of
branches and stem diameter in the application of enriched
humanure in marigold crop (Fig. 2). During 110 DAT the highest
number of branches per plant (28.33) and stem diameter (6.33
cm) were also recorded in the treatment enriched humanure (Ts-

The effect of enriched humanure on marigold yield and flower
quality parameters has been shown in Table 4 and Fig. 3.

Early flowering

This current study highlighted a significantly shorter time to first
flowering was observed (27 days) in enriched humanure (Te-
1:1:1) and enriched humanure (T+-1:1:1.5), the late flowering (31
days) was observed with the sole application of FYM (Ti;-control)
followed by T (biochar alone). The earlier flowering observed in
this study was due to the increased metabolite uptake by the
shoots and roots of marigolds, a phenomenon previously noted
in sunflowers amended with organic fertilizers and marigolds
amended with sewage sludge (25, 27).

Dry matter production

The maximum dry matter production of 297.76 kg/ha and 295.45
kg/ha was observed with enriched humanure (Te-1:1:1) and
enriched humanure (T+-1:1:1.5), respectively, which showed
comparable results. The lowest dry matter production, 262.09
kg/ha,was observed with the sole application of FYM (Tu-
control). This may be due to a slow and steady release of
nutrients. This balanced nutrient supply helps sustain vegetative
growth and results in more significant biomass accumulation.

35 7
EE —1 6 =
k| H - E
Eos T . 4 T LI Y 5
g . T A iR s
£20 + 45— T , 43
F] M il A £
£ T & 4
15 o F il 1 [ R
= B II =
h;' 10 i 4 2 §
P =
S s li IE 1w
o 'HuN eyl muy ey SN EEw B AN e B = 0
T1I T2 T3 T4 T5 T6 T7 T8 T9 Ti0 Ti1
330 DAT 60 DAT 110 DAT
30 DAT 60 DAT 110 DAT

Fig. 2. Effect of enriched humanure on number of branches per plant (bar
graph) and stem diameter (line graph) on Marigold. The error bars indicate
the standard deviation values (Two seasons mean data).

35

30

T1 T2 T3 T4 T5 T6 T7 T8 T9 Ti0 Ti1

Flower yield t/ha

Fig. 3. Effect of enriched humanure on yield of Marigold (Two seasons mean
data).
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Table 3. Description of treatments

Days to Dry matter Flower . No. of . . Xanthophyll
Treatments flovyering p:zduction Diameter l:lowe;l‘ stalk Slng!e;lower flowers per Flowe; yield Shdelf life contepnty
(Days) (kg/ha) (cm) ength (cm)  weight (g) plant (t/ha) (days) (mg/100 g)
T. 30+1.12 271.10+12.54 17.47+2.64 582+0.79 17.70+£1.06 27.00£1.05 23.15+1.21 4.0+0.21 345.58+10.20
T 31+1.54 265.35+15.97 15.82+1.99 5.07+0.49 14.88+1.60 24.67+1.06 18.45+1.31 3.2+0.31 325.07+9.45
T3 30+1.35 268.43+13.15 16.93+2.21 533+0.31 16.03£1.29 26.00£1.12 21.65+1.64 3.8+£0.40 330.76+8.06
Ta 28+1.54 278.22+13.15 19.56+3.10 6.53+0.46 18.73+1.64 31.00+1.64 24.10+1.16 4.7+0.29 361.57+10.33
Ts 29+1.77 276.42+15.62 18.85+2.79 6.50+0.97 1852+1.97 30.33+1.94 23.67+1.16 43+0.14 354.30+10.54
Te 27+1.36 297.76+14.19 23.68+1.06 8.46+0.23 24.39+1.21 38.33+1.63 27.65+1.03 6.0+£0.19 390.10+10.88
Tz 27+151 295.45+11.05 22.65+2.41 7.42+0.61 23.20+1.06 37.00+1.06 27.00%+1.13 5.8+0.18 389.40+10.49
Ts 28+1.10 286.52+10.61 20.45+291 6.87+0.79 20.95+1.49 3538+1.49 25.76+1.64 5.5+0.16 380.71+9.33
To 28+1.09 283.32+11.66 20.31+2.05 6.80+0.34 20.75+1.64 3533+1.06 25.18%+1.06 5.2+0.20 377.94+10.78
Tiwo 29+1.54 280.11+10.94 19.14+1.09 6.33+0.26 19.26+1.06 32.00£1.18 24.78+1.69 5.0+0.17 366.58+10.09
Tu 31+1.77 262.09+11.19 15.73+197 4.88+0.66 14.45+1.33 24.00£1.94 16.13+1.27 3.0£0.19 314.29+10.88
SE.d 0.55 0.72 0.71 0.33 0.47 0.79 0.49 0.18 8.84
CD (0.05) 1.14 1.51 1.48 0.69 0.98 1.66 1.02 0.39 18.45

Note: Data is mean + SD. T; - humanure alone, T, - biochar alone, Ts - human urine alone, T, -unenriched humanure (1:1:1), Ts - unenriched humanure (1:1:1.5),Ts - 100%
through enriched humanure (1:1:1), T7 - 100% through enriched humanure (1:1:1.5), Ts - 50% through enriched humanure (1:1:1) + 50% through recommended dose of
fertilizer, Ts - 50% through enriched humanure (1:1:1.5) + 50% through recommended dose of fertilizer, T1o - 100% through RDF + FYM and Ty, - FYM alone.

For example, studies have shown that sewage sludge increased
marigold biomass and enhanced shoot and root development
by improving nutrient availability (25).

Flower diameter and stalk length

The maximum flower diameter of 23.68 cm and flower stalk
length of 8.46 cm were recorded in the treatment enriched
humanure (Te-1:1:1) and followed by enriched humanure (T+-
1:1:1.5) and the lowest flower diameter of 15.73 cm and flower
stalk length of 4.88 cm was recorded with the sole application of
FYM (Tu-control). The improved nutrient content in enriched
humanure likely contributes to a steady release of macro and
micronutrients to plants. Notably, nitrogen (N) plays a crucial
role as an essential element in amino acids, nucleotides, nucleic
acids, various coenzymes, cytokinins and alkaloids. This
nitrogen availability may enhance cell elongation, expansion
and proliferation, which could increase flower diameter and
stalk length in marigold flowers. These findings are consistent
with those reported in research (28).

Single flower weight and number of flowers per plant

Enriched humanure (Te-1:1:1) had the maximum single flower
weight of 24.39 g and number of flowers per plant of 38.33 no s'
followed by Enriched humanure (T+-1:1:1.5). The lowest single
flower weight (14.45 g) and the number of flowers per plant
(24.00 nos') was observed with the sole application of FYM (Ty:-
control). This improvement with enriched humanure could be
attributed to the production of salicylic acid (SA), a key plant
hormone involved in stress regulation and flower development.
Studies have demonstrated that enriched organic amendments
in marigolds and roses enhance plant SA production (25, 29).

Flower yield

Enriched humanure in a ratio of 1:1:1 and 1:1:1.5 applied plots
significantly increased the flower yield of 27.65 t/ha and 27.00 t/
ha respectively (Fig. 3.) and the lowest flower yield of 16.13 t/ha
was recorded with the sole application of FYM (Twu-control). This
may be because the enriched humanure supplies a consistent
and balanced flow of nutrients, which helps improve the plant s'
overall nutrition. This steady nutrient supply allows marigold
plants to produce more biomass and as a result, they
photosynthesize more. With more effective photosynthesis, the
plants generate more energy for flower production, increasing
the number and size of flowers. This slow-release feature also

minimizes nutrient loss through leaching, making the nutrient
use more efficient and sustainable over time. These findings are
consistent with research conducted on marigolds (25).

Shelf life

Enriched humanure significantly increased the shelf life
compared to other treatments. Enriched humanure 1:1:1 and
1:1:1.5 applied plots recorded a 6-day shelf life and the lowest
shelf life of 3.03 was recorded with the sole application of FYM
(Tuu-control). The increased shelf life may be due to cytokinin
production by enriched humanure. Cytokinin helps to delay the
degradation of fruits and flowers (30).

Xanthophyll content

Xanthophylls, natural pigments offering an alternative to
synthetic dyes as food colourants due to their non-toxic nature,
were also studied. Results revealed that the application of
enriched humanure significantly increased the xanthophyll
content, with a maximum of 390.1 mg/100g observed with the
application of enriched humanure (Te-1:1:1) and followed by
enriched humanure (T7-1:1:1.5) (389.4 mg/100 g), which showed
similar results. This may be due to available macro and
micronutrients in enriched humanure. Enriched manures
increase carotenoid synthesis, including xanthophyll, by
providing essential nutrients and improving soil health,
ultimately enhancing the plant's physiological process (31).

Conclusion

The findings of this study suggest that enriched humanure can
be effectively utilized in marigold cultivation, leading to
significant improvements in growth, yield and flower quality.
The most favourable results were obtained with enriched
humanure at a 1:1:1 ratio. However, further research is needed
to evaluate its suitability for other floricultural and horticultural
crops. Investigating the residual effects of enriched humanure is
crucial to determine how long the released nutrients persist in
the soil. Enriched humanure promotes nutrient recycling and
offers the potential to reduce dependency on costly chemical
fertilizers, making it a promising and sustainable option for bio-
fertilization in agriculture.
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